Present study pertains to preparation, characterization and evaluation of human guarded chlorpyrifos urea co-inclusion complexes for agricultural use. Chlorpyrifos a widely used organophosphate insecticide was coincluded along with long linear chain rapidly complexing agent in urea lattice. A three component powder form comprising of urea as host cum fertilizer, oleic acid as an insect pheromone and an insecticide for killing/ disabling the insects was prepared. Resulting insecticide fertilizer amalgamation offered improvement in safe handling and formulation characteristics. Insecticide was engulfed in tunnels of hexagonal urea and is accordingly not accessible for either contact with skin or for inhalation/odour. Hence, personnel engaged in handling of chlorpyrifos will not be exposed to its toxic effects after co-inclusion in hexagonal urea. Insecticide will be activated/released only after chlorpyrifos urea co-inclusion complex comes in contact with water following switching on of automated water sprinkling system in agricultural fields. Steep reduction in mercaptan like odour of chlorpyrifos was observed following engulfment of chlorpyrifos in hexagonal urea lattice. Minimum proportion of long linear chain rapidly complexing agent required for co-inclusion of insecticide in urea lattice was determined calorimetrically. Chlorpyrifos urea co-inclusion complexes were characterized by Fourier transform infrared spectroscopy, X-ray powder diffraction, differential scanning calorimetry and 1 H-nuclear magnetic resonance spectroscopy studies. Regression analysis depicted gradual increase in heat of decomposition with corresponding increase in molar fraction of rapidly complexing agent. Increased heat of decomposition simply indicates better physical stability of complexes. These complexes chlorpyrifos urea co-inclusion complex revealed uniform formulation composition and improved dissolution profile of chlorpyrifos. Studies reveal insecticide fertilizer amalgamation to be a promising approach for formulation of poorly soluble hazardous insecticide into an effective rapidly soluble human guarded insecticide product with improved handling/formulation characteristics at minimal cost.
Insecticides are hazardous substances released intentionally into the environment to kill pests. These were mainly responsible for increase in agricultural productivity in 20 th century. However, the use of insecticides alters the ecosystems effectively and even ensures its presence/concentration along the food chain. Insecticides are toxic to humans and are responsible for various human health hazards [1] . Insecticides are equally toxic to other species such as fish, birds and mammals [2] .
Organophosphates belong to class of contact insecticides. These insecticides target on insect nervous system and kill/disable the insect by disrupting nerve impulses [3] . Chlorpyrifos (CHF), O,O-diethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate ( fig. 1 ) is an organophosphate insecticide. CHF is effective against a variety of insect pests including, cockroaches, grubs, flea beetles, fire ants, lice, flies and cutworms.
It is used as an insecticide for crop protection on cotton, grains, fruit, nut and vegetable crops as well as ornamental/lawn plants. CHF acts on the nervous system of insect pests by interfering with the signals from neurotransmitter acetylcholine [4] . One of the metabolite of CHF, CHF-oxon, binds permanently to acteylcholinesterase preventing this enzyme from deactivating acetylcholine in the synapse. This results in a built up of the concentration of acetylcholine between neurons leading to a longer lasting signal to the next neuron [5, 6] .
The World Health Organization (WHO) classified CHF as a class II, moderately toxic insecticide for acute effects [7] . Acute toxicity from CHF exposure can result from higher doses [8, 9] . The mild poisoning can cause watering of eyes, skin irritation, increased sweating and saliva, nausea, diarrhoea/vomiting, headache and muscle spasms/weakness. Symptoms resulting from severe poisoning include seizures, paralysis, unconsciousness, suffocation and chest discomfort [10, 11] .
CHF is a white, granular crystalline solid having mercaptan like odour that is practically insoluble in water and is poorly absorbed from soil. Therefore, it is naturally of utmost significance to devise an effective approach for enhancing the solubility profile of CHF so as to improve its bioavailability in soil [12] . Improvement of water solubility of CHF has been achieved through inclusion in cyclodextrins [13] [14] [15] . In the current study; an attempt has been made for improving the solubility, odour reduction and safe handling of CHF through co-inclusion of CHF in urea using a modified technique [16] [17] [18] . The fertilizer cum insecticide amalgamation in the current study might result in the production of co-inclusion complexes of CHF in urea lattice exhibiting two-in-one product i.e. providing urea as a fertilizer, a convenient source of nitrogen and an insecticide for killing/disabling the insect pests.
The insecticide, CHF with poor solubility in water is complexed with urea lattice in the presence of long chain rapidly complexing agents (RCA). The coinclusion of CHF in hexagonal urea tunnels led to weakening/collapse of urea host lattice, which ensures instantaneous release of the incorporated insecticide on coming in contact with water. Moreover, CHF possessed mercaptan like odour and contains volatile contaminants, which are responsible for the offensive odour of the insecticide. Urea co-inclusion complexes of CHF offered complete incorporation of insecticide in urea lattice leading to a marked reduction in the unacceptable odour of CHF. The mercaptan/offensive odour of the CHF is released only after spraying with water.
CHF is considered as a hazardous substance as per US occupational safety and Health Administration (OSHA) guidelines for chlorpyrifos [19] . As per Environmental Protection Agency (EPA) regulations, safer handling is required by the personnel involved in preparation, processing, transportation, administration and disposal of the insecticide. It is strongly advised that the personnel should wear safety glasses, goggles or face shields, gloves and proper chemical protective clothing during handling operations of an insecticide. Insecticide is engulfed in tunnels of hexagonal urea and is accordingly not accessible for either contact with skin or for inhalation/odour. As a result, personnel engaged in the handling of insecticide will not be exposed to the insecticide after its co-inclusion in urea lattice.
Literature revealed numerous host molecules such as urea, cyclodextrins, thiourea, porphyrins, deoxycholic acid, tri-o-thymotide, hydroquinone, zeolites, calixarenes, cryptophanes and crown ethers for formation of inclusion complexes [20] . Amongst these host molecules, urea has acquired commercial/ industrial prominence. Urea is used as a component of fertilizer providing a cheap source of fixed nitrogen to promote growth of plants [21, 22] . Hence, urea being highly soluble, safe, non-toxic, stable, biocompatible, economical and easily available was selected as a host molecule in the current study for performing dual function of acting as an adductor/host as well as a fertilizer for providing cheap source of nitrogen for plants growth.
The guest molecules with long chain length are rapidly incorporated in the host urea channels. Such guests serve as a "pathfinder" and are categorized as RCA. Cyclic compounds or highly substituted compounds do not form complexes with urea and these may be categorized as normally non-complexing guests (NNCG). However, substituted cyclic compounds with sufficient chain length may form complex with urea either alone or in the presence of RCA [23, 24] .
Dramatic improvement in the dissolution profile of NNCG drugs for oral use as inclusion complexes have been reported. These NNCG drugs included enalapril maleate, glipizide, amiloride hydrochloride, lafutidine, simvastatin and ezetimbe [25] [26] [27] [28] [29] [30] . Co-inclusion of NNCG drugs in urea has also been reported for reduction in moisture sensitivity of nicorandil and improvement of safe handling and photostability characteristics of cis-retinoic acid [31, 32] . Co-inclusion complex of viscous liquid malathion in urea has been recently reported for improvement of safe handling and formulation characteristics of hazardous insecticide [33] .
In the current study, an environment friendly approach has been successfully employed for safe use of CHF through co-inclusion in urea. CHF a significantly substituted cyclic organic compound, which will not form complex with urea on its own under any known conditions. However, CHF can be rapidly incorporated in urea channels in the presence of a suitable long chain RCA [34] . Hence, oleic acid was adopted as a suitable long chain RCA for co-inclusion of CHF in hexagonal urea lattice. Oleic acid is also reported to function as an insect pheromone, which is emitted by the decaying bodies of number of insects, including bees and ants. Its smell might indicate danger to living insects and triggers the instincts of living workers to remove dead bodies from hive [35] .
MATERIALS AND METHODS
CHF was supplied as a gift sample by Insecticides (India) Ltd, Chopanki, Bhiwadi, Rajasthan. Urea crystals and oleic acid were procured from CDH, while methanol was from Rankem. All other chemicals/ reagents used in the study were of analytical grade.
Preparation of urea co-inclusion complexes of CHF:
One gram of CHF was dissolved in 30 ml methanol containing 10 g urea by gentle heating. Subsequently, 1.0 g of oleic acid was incorporated as a long chain RCA to the above solution resulting in the immediate precipitation of the crystals of urea co-inclusion complex upon cooling. The crystals were separated from the mother liquor by filtration, dried and suitably packed [16] [17] [18] .
Calorimetric method for determination of minimum proportion of RCA:
A calorimetric method was employed for determination of minimum proportion of RCA required for coinclusion of CHF in urea host lattice. The said method comprised of two phases. The phase I was utilized for determination of stoichiometric ratio between urea and RCA and phase II for determination of minimum ratio of RCA and CHF for formation of urea co-inclusion complexes [25, 30] .
Fourier transform infrared spectroscopy (FTIR) analysis:
The FTIR spectra of urea, urea/oleic acid complex (UOAC), CHF and CHF urea co-inclusion complex (CHUCIC) were recorded on FTIR (Shimadzu 02205 model) utilizing KBr disc process and all samples were scanned over a range of 400-4000 cm -1
.
Differential scanning calorimetry (DSC):
Thermal analysis of urea, UOAC, CHF and CHUCIC was performed using Perkin Elmer DSC 4000 by heating each sample approximately (~5 mg) in an aluminium pan at a scanning rate of 10°/min from ambient temperature to 200° in an atmosphere of nitrogen gas by passing N 2 gas at a flow rate of 20 cc/ min.
Powder X-ray diffraction studies (XRD):
X-ray diffraction studies of urea, UOAC, CHF and CHUCIC were conducted using Philips X-ray diffractometer type PW1710 having Cu based tube anode. The operational parameters were Cu-Kα radiations [α 1 =1.54060Å and α 2 =1.54443Å], generator tension 45 kV, current 40 mA, divergence slit 1ϕ, intensity ratio 0.500 and scanning rate 2°/min over a 2ѳ range of 0-50°.
Proton nuclear magnetic resonance ( 1 H-NMR) studies:
The 1 H-NMR spectra of urea and UOAC were performed using Bruker FT-NMR of 400 MHz intensity using deuterated d6-DMSO (d6-dimethyl sulfoxide) (δ H =2.5 ppm) as the solvent. The 1 H-NMR spectra of CHF, oleic acid and CHUCIC were performed in Bruker Avance II 400 NMR spectrometer (400 MHz) using DMSO as solvent.
Determination of minimum ratio of RCA for coinclusion of CHF in urea:
In phase I, a Zimmerschied calorimetric procedure was utilized for calculation of stoichiometric ratio between urea and long chain RCA [36] . Oleic acid was adopted as a suitable linear chain RCA. A Dewar flask possessing a burette and a probe of thermocouple system with capacity for measuring up to 0.0° served the purpose of calorimeter. Hence, 12 g of urea dissolved in 70 ml methanol was gently shaken in the calorimeter until an equilibrium temperature was achieved. The increments of 0.5 ml of oleic acid were successively introduced into the calorimeter using a burette. Temperature was recorded after each addition [28] [29] [30] . A graph representing an increase in temperature following incremental addition of oleic acid as a suitable rapidly complexing agent to methanolic solution of urea was plotted.
In phase II, minimum proportion of linear chain RCA required for the formation of co-inclusion complexes of CHF and RCA in urea was determined using modified calorimetric procedure based on the measurement of increase in temperature following addition of oleic acid (RCA) to the methanolic solution of urea and CHF [16] [17] [18] . Hence, 12 g urea and 3 g CHF were dissolved in 70 ml methanol and gently shaken in the calorimeter until an equilibrium temperature was recorded. The initial increments of 0.2 ml and subsequently 0.5 ml of oleic acid as a suitable RCA were successively added into the calorimeter. The graph of rise in temperature versus the amount of RCA added to a solution of urea and CHF in methanol was obtained [28] [29] [30] .
Effect of relative proportion of RCA on heat of decomposition of CHUCIC complexes:
Numerous urea CHF-RCA co-inclusion complexes containing different proportions of CHF and RCA (Table 1) were prepared by adding 2 g of guests to 30 ml methanol containing 10 g urea. The resulting crystals upon cooling were separated from the mother liquor by filtration, dried and suitably packed. The urea inclusion complexes were subjected to DSC analysis from ambient temperature to 350° to study the effect of relative proportion of RCA on heat of decomposition of CHUCIC complexes.
Assay procedure:
CHF was determined by spectrophotometrically utilizing LabIndia UV/Vis 3000 spectrophotometer.
Both urea and oleic acid did not interfere in the estimation of CHF. The absorbance was recorded of various dilutions of CHF at λ max of 235 nm in methanol for content uniformity analysis and in methanol:distilled water (25:50 v/v) for conducting dissolution rate studies [37] .
Aqueous solubility studies:
In order to conduct aqueous solubility studies, excess amount of solute i.e. CHF was added to 10 ml of distilled water in 25 ml volumetric flask. This volumetric flask was capped properly and shaken at 25° on a temperature controlled magnetic stirrer (shaking flask method) for 24 h. The saturation was confirmed by the presence of un-dissolved solute.
The resulting samples containing un-dissolved solid particles suspended in volumetric flasks were filtered, suitably diluted and analysed spectrophotometrically at 235 nm. A similar procedure was repeated for various co-inclusion complexes (CHUCIC-1 to CHUCIC-5).
All the experiments were conducted thrice to precise the measurement.
Content uniformity studies:
In order to conduct content uniformity analysis, exactly weighed quantities of randomly drawn ten samples of CHUCIC complexes each containing a quantity equivalent to 10 mg of CHF were dissolved in methanol and suitably diluted. The drug contents were determined at 235 nm in methanol spectrophotometrically [38] .
Dissolution rate studies:
The dissolution rate studies were attempted using Lab India dissolution apparatus II in 900 ml of distilled water, maintained at 37±0.5° at a speed of 50 rpm. The quantity of CHF equivalent to 10 mg in coinclusion complex (CHUCIC-1 and CHUCIC-2) was added to dissolution medium. Aliquots of 5 ml of the samples were withdrawn at specified time intervals and 
in urea indicating characteristic peaks of hexagonal urea [41] . Moreover, FTIR spectrum of CHUCIC crystals indicate certain absorption bands of insecticide CHF at 972, 1018 and 1165 cm -1 (P-O-C antisymmetric and C-O stretching); 1273 cm -1 (C-O stretching); 2855 and 2924 cm -1 (alkane C-H stretching) in co-inclusion complex [40] . The presence of characteristic bands of insecticide CHF in co-inclusion complex indicated inclusion of guest moiety (CHF) in CHUCIC complex. Fig. 3 shows the thermograms of urea, UOAC, CHF and CHUCIC. The thermogram of urea displays onset of melting at 134.31° with sharp melting endotherm at a peak temperature of 141.0°. The thermogram of UOAC exhibits melting of urea in two stages. The first stage is attributed to collapse of the hexagonal structure of the UOAC at 117.34° to yield the tetragonal urea while the second step exhibits melting of tetragonal urea at 134.83°[ [28] [29] [30] . Pure CHF displays a melting endotherm in the temperature range of 39.73°-50.05° with a sharp melting endothermic peak at 46.26° [ 42] . CHUCIC thermogram depicts that urea crystals melt in two stages. The first stage (112.24°) pertains to the decomposition of the hexagonal urea (co-inclusion complex) to yield the guest moiety (CHF) and the tetragonal urea while the second stage (129.98°) is attributed to the melting of tetragonal urea [43] . The disappearance of a sharp melting endotherm of CHF at 46.26° clearly indicates the complete inclusion of the insecticide (CHF) into the urea lattice and presence of insecticide CHF in an amorphous state in CHUCIC complex. Fig. 4 [28] [29] [30] . Pure CHF exhibits a highly crystalline nature depicted by sharp diffraction peaks at interplanar spacings 7.87743, 7.44938, 3.91461, 3.76072, 3.19315, 3.10483, 2.48390 and 2.34318°A [44] . The diffractograms of CHUCIC co-inclusion complexes depicts important peaks at interplanar spacings 3.2617, 3.29670, 3.3875, 3.55589, 3.8494, 4.1082, 4.1453 and 7.0821°A, which are characteristic peaks of the hexagonal urea [45] . The complete absence of intense peaks of CHF indicates that guest molecules replenished with fresh distilled water. Subsequently, 2.5 ml of methanol was added to all samples and assayed spectrophotometrically at 235 nm. All the experiments were performed in triplicate [39] .
RESULTS AND DISCUSSION
In the current study, an attempt has been made successfully for preparation, characterization and evaluation of human guarded CHUCICs. CHF is normally non-complexing substituted cyclic organic compound and is wide enough to be entrapped inside the narrow urea channels. Thus, CHF was incorporated in urea lattice in the presence of a suitable long chain RCA. Hence, addition of oleic acid as a linear chain RCA to a methanolic solution of urea and CHF led to an immediate precipitation of crystals of CHUCIC complex. The present investigation employs insecticide cum fertilizer amalgamation for the preparation of coinclusion complexes of insecticide resulting in twoin-one product for agricultural use i.e. providing urea as a fertilizer and an insecticide for killing/disabling the insects. CHUCIC complexes were characterized by FTIR, DSC, XRD and 1 H-NMR. However, further studies are being contemplated for biological evaluation of said products against various pests/ insects commonly encountered in agricultural fields through collaborative work with agricultural scientists. Fig. 2 [40] . FTIR spectrum of CHUCIC crystals indicates out-of-phase vibrations at 3410 cm -1 and in-phase vibrations at 3224 cm -1 , which are prominent peaks of hexagonal urea. Similarly, bands between 1675 and 1590 cm -1 were observed at 1651, 1628 and 1597 cm -1 (due to NH 2 bending and C=O stretching vibrations), skeletal out-of-phase bending frequency slightly raised at 794 cm -1 in CHUCIC from 787 cm -1 , C-N vibration frequency increased from 1458 to 1489 cm -1 , NH 2 rocking vibrations raised from are engulfed inside and isolated from one another in the honey-comb network of urea lattice and do not contribute towards crystallinity of CHF.
The 1 H-NMR spectra of urea, UOAC, CHF, oleic acid and CHUCIC are illustrated in (fig. 5 ). The transformation of tetragonal urea into hexagonal form of urea in CHUCIC is evident by shift of N-H proton from 5.510 to δ H =5.483-5.585 ppm with high prominence due to interaction between (-NH 2 ) group of urea and (-COOH) group of oleic acid. Moreover, O-H proton from carboxylic function of oleic acid at δ H =11.8211 ppm deplete in CHUCIC complex indicating that oleic acid is incorporated as a guest in CHUCIC complex. Also, C 9 H=C 10 H protons of oleic acid exhibiting peak at δ H =5.270-5.347 appeared at 5.284-5.347 ppm in CHUCIC indicating incorporation of oleic acid in CHUCIC [28] [29] [30] . Similarly, 20 protons of oleic acid at C 3 -C 7 and C 12 -C 16 [46] . The digitized integral values for integrals printed below the peaks in NMR spectrum of CHUCIC complex were observed to calculate the total area (204.52 mm) and then dividing the total area by total number of hydrogen atoms to determine the actual number of protons in the complex. Thus, 11 protons of CHF, 33 protons of oleic acid and 4 protons of urea appeared in CHUCIC complex indicating the complete incorporation of guest moieties (oleic acid and CHF) in urea to form CHUCIC complex.
In the calorimetric method, the initial rise curve and final curve were extrapolated in ( fig. 6a ) to obtain the intersection point to calculate the amount of linear chain RCA required for inclusion with given quantity of urea. The minimum amount of oleic acid required for inclusion in urea was found to be 2.98 g of oleic acid/12 g of urea. This corresponds to 10.55 mmol of oleic acid required for inclusion in 0.20 M of urea [28] [29] [30] .
In modified calorimetric procedure, the initial rise curve fig. 6b ) to obtain an intersection point for obtaining the minimum amount of long chain RCA required for co-inclusion of CHF in urea. The minimum ratio of RCA:CHF required for incorporation of CHF in urea was 0.71:1 g/g. The minimum amount of oleic acid in terms of mmol (mM) required for coinclusion in 8.55 mmol of CHF was found to be 7.57 mmol of oleic acid [28] [29] [30] .
The curve obtained had a smooth sigmoid shape for addition of oleic acid to methanolic solution of urea ( fig. 6a ) but the same curve in the presence of the insecticide CHF revealed the following sequence of events, that is, an initial temperature rise, followed by an intermediate transition phase, subsequently second temperature rise curve and then attainment of a final temperature. The second stage of temperature rise is due to the displacement of CHF (NNCG) with RCA as evident by the fact that the overall temperature rise is almost similar to that of RCA alone. The optimum formulation ratio of RCA:CHF calculated in terms of molar ratio required per mole of CHF for co-inclusion in urea was found to be 0.89:1.0 (0.71:1 g/g). After determining minimum ratio of RCA:CHF and urea co-inclusion complexes containing varying molar fractions of RCA in guests (Table 1) were prepared and subjected to further studies.
The overlay of DSC thermograms of co-inclusion complexes containing varying proportions of RCA and CHF is illustrated in (fig. 7) . In all these thermograms, a low temperature endotherm was obtained corresponding to the decomposition of the complexed urea and to the release of a guest molecule and the solid tetragonal form of urea. The disappearance of the melting endotherm at 46.26° indicates the inclusion of the insecticide into the host lattice in an amorphous state. Fig. 8 exhibited the plot of heat of decomposition value against the molar fraction of RCA in guests in CHUCIC co-inclusion complexes. The results for heat of decomposition of urea co-inclusion complexes of CHF (CHUCIC) are listed in Table 1 . The influence of the molar fraction of RCA on the heat of decomposition was statistically studied and the data exhibited the following relationship, ΔH=66.28R-11.28, (R 2 =0.947), ΔH is the heat of decomposition (J/g) of CHF urea co-inclusion complex (CHUCIC) and R is the molar fraction of long chain RCA in guests.
The heat decomposition curve shows an increase in the heat of decomposition value (J/G) in various CHUCIC complexes containing increasing molar fractions of long chain RCA and exhibits saturation level up to urea/ oleic acid (UOAC) complex without CHF [28] [29] [30] . The plot shows that an increase in molar fraction of linear chain RCA in the complex leads to corresponding rise in the heat of decomposition value with consequent better stability of the urea co-inclusion complex. The models for prediction of value of heat of decomposition of different urea inclusion complexes containing aliphatic guests have already been reported [47] . Since CHF is a bulky substituted aromatic molecule, it is wide enough to be entrapped inside the hexagonal channel formed by urea lattice. However, in the presence of the oleic acid (RCA), CHF is co-included along with linear straight RCA in urea.
Aqueous solubility studies indicated that aqueous solubility of chlorpyrifos increased in various co-inclusion complexes of chlorpyrifos in urea (CHUCIC-1 to CHUCIC-5) in comparison to pure insecticide. This increased solubility may be simply attributed to inclusion of chlorpyrifos in urea (Table 2) .
Content uniformity test listed in United States Pharmacopoeia (USP) was conducted to ensure homogeneity in a batch of low content insecticide. Though USP norms are basically meant for various dosage forms for human use but this test can also indicate extent of uniform distribution of insecticides in formulations for agricultural use. In order to meet the USP criterion of content uniformity, the formulation must possess 85-115% active ingredient of the label claim. The data of content uniformity analysis for different CHUCIC complexes containing varying RCA to insecticide ratios is compiled in Table 3 . This table clearly revealed that an insecticide is uniformly distributed in urea co-inclusion complexes of CHF. Fig. 9 illustrates the dissolution profiles obtained from the experimental values of pure CHF and its urea co-inclusion complexes CHUCIC-1 and CHUCIC-2 in distilled water. Though USP norms are basically meant for dosage forms for human use but this test can also provide vital information with regard to rate at which insecticide will dissolve when exposed to water in agricultural fields. The dissolution profiles were determined by the dissolution percentage (DP) at 2, 5 and 10 min. The amount of the insecticide CHF released in water was found to be quite low. This was evident by determining values of DP exhibiting release of pure insecticide as DP 2~8 .08%; DP 5~1 0.38% and CHF. The hexagonal urea lattice dissolves rapidly as CHUCIC comes in contact with an aqueous dissolution medium and results in an instantaneous release of an incorporated insecticide. The co-inclusion of a NNCG drug along with linear straight RCA in urea hexagonal tunnels leads to weakening/distortion of urea host lattice and facilitates further dissolution enhancement. However, this immediate release of the insecticide was followed by a subsequent decrease in insecticide contents in solution and DP 60 was found to be ~86.53% in CHUCIC-1. Since, as CHF has limited aqueous solubility, the initially released insecticide molecules undergo crystallization in excess of the solubility. However, in normal practice there is plentiful of water available in fields and hence initially released/ activated insecticide molecules on spraying of water in fields/soil will not undergo crystallization because of possible adsorption/absorption in crops/soil. Thus, urea co-inclusion complex formation can be exploited as a valuable technique for the development of rapid release formulation of insecticide CHF.
In current investigation, a successful attempt has been made for preparation, characterization and evaluation of human guarded chlorpyrifos urea co-inclusion complexes. CHF, a moderately toxic class II insecticide was successfully formulated into insecticide-fertilizer co-inclusion complex in order to overcome its toxicity, offensive odour, poor solubility and handling problems. CHF was incorporated in urea host lattice DP 10~1 2.69% However, co-inclusion of CHF in hexagonal urea resulted in an enhancement in release rate of insecticide as described in Table 4 by release of contents DP 2~8 0.30%; DP 5~8 3.07% and DP 10~8 9.30% (CHUCIC-1); DP 2~7 8.92%; DP 5~8 1.23% and DP 10~8 7.23% (CHUCIC-2). The dissolution profiles of CHUCIC-1 and CHUCIC-2 were found to be almost similar.
The insecticide release was rapid from co-inclusion complexes of CHF as compared to pure insecticide in the presence of a suitable linear chain RCA. CHF, a widely used toxic insecticide is entrapped in tunnels of hexagonal urea lattice and is accordingly not available for inhalation/odour or for contact with skin. Hence, personnel engaged in handling of an insecticide will not be exposed to its toxic effects after its co-inclusion in hexagonal urea. Pests will be exposed to insecticide only after co-inclusion complex of the insecticide comes in contact with water following switching on of an automated water sprinkling system in the agricultural fields. The formation of chlorpyrifos urea co-inclusion complexes was duly confirmed by DSC, FTIR, XRD and 1 H-NMR studies. Since, CHF is engulfed in urea channels, therefore, a steep reduction in unacceptable odour of CHF was observed. Thermal/ regression studies reveal that an increase in the molar fraction of long chain RCA in the urea co-inclusion complex leads to rise in heat of decomposition value with consequent improved physical stability. CHUCIC complex revealed uniform formulation composition and improved dissolution profile of CHF. Steep reduction in odour of hazardous insecticide coupled with significant improvement of formulation and safe handling characteristics offer proposed insecticidefertilizer amalgamation technique a vast potential for agricultural use. 
